Introduction
Texture is an intrinsic feature of metals, ceramics, polymers and rocks [1] . Because it influences not only many anisotropic physical but also technological properties of polycrystalline materials, it is regarded as one of the essential parameters for describing a full microstructural characterization of polycrystalline materials [2] .
Texture determination is based on the measurement of pole figures by x ray, synchrotron radiation, Electron back-scatter diffraction and neutron diffraction. Among these techniques, neutron diffraction has many advantages over the others due to the high penetration of neutrons [2, 3] . Therefore texture analysis by neutron diffraction has become a standard method to investigate bulk textures of different types of materials [4] .
However, like other neutron scattering experiments, pole figure measurement by neutrons requires an intense neutron source such as a nuclear reactor with at least medium neutron flux or a spallation neutron source. The newly built China Advanced Research Reactor (CARR) at China Institute of Atomic Energy(CIAE) with maximum thermal neutron flux of about 8×10 14 /sec⋅cm 2 [5] is well qualified for neutron texture measurements and other neutron scattering experiments. The Neutron Texture Diffractometer (NTD) at CARR is the first platform for neutron texture analyses in China and will be mainly applied to studies of industrial materials. It was built by modifying and using some components of a four-circle diffractometer (FCD) in combination with some other new components. The FCD was a donation from Juelich Center for Neutron Science (JCNS). In this paper, we describe the modifications and present the characteristics and performance this new instrument.
Instrument Characteristics

Instrument Construction
The NTD is mounted at the double-beam tube II of CARR, using one of the two beams. It was designed at the first step to carry out pole figure measurements for industrial materials with simple structures, such as commonly used metals and alloys.
As shown in Figure 1 , the NTD mainly consists of following 6 parts: 1) a single crystal used as monochromator, 2) a combination of collimators, 3) a sample table with an Eulerian cradle, 4) a 3 He single detector with its electronics, 5) shielding for the monochromator and detector and 6) a control and data acquisition system. The design for the NTD was performed based on the principle of Conventional Neutron Powder Diffractometer Design [6] in which a compromise has made between neutron intensity and instrument resolution, the ability to separate adjacent peaks in diffractograms. Our aim was to achieve the instrument with neutron intensity as high as possible while the instrument resolution just meets the requirement of the materials mentioned above.
In practice, the monochromator was selected first to obtain the reflected neutron wavelength λ, the take-off angle 2θ M . A single crystal used as a monochromator should have high neutron reflectivity and large enough mosaic spread β for high neutron intensity, and a proper plane spacing d for 2θ M and λ required by a particular instrument.
For the texture diffractometer at CARR, in fact we had no choice except a vertically bent Cu(111) single crystal which was a component of the Juelich FCD. Single crystals of Cu have relatively high neutron reflectivity and are often used as monochromators in neutron scattering instruments. The mosaic spread of this Cu (111) crystal was measured about β=6′. Obviously, this value is too small for a texture instrument from the point of view of intensity, and the second order neutrons may cause problems for pole figure measurements of materials with more complicated structures. However, at present it is the only one available for this texture instrument in our laboratory and the instrument is aimed at materials with simple structures at the first stage.
Given the take-off angle 2θ M , the neutron wavelength λ can be obtained based on the Bragg equation 2dsinθ M =λ. In principle, the take-off angle 2θ M should be put at a large angle, for example 2θ M =90 o , or even larger than 90 o , so that the best match between the instrument and required resolution function is obtained [6, 7] . However, owing to the limited geometric space in the reactor With the given λ, β and 2θ M , the required resolution functions were calculated for some typical metals to estimate the range of them. In order to obtain the instrument resolution curves, the parameters for the collimators have been calculated, taking into account the monochromator characteristics [8, 9] . By comparisons the calculated instrument resolution functions to required resolution functions, the collimator parameters for the instrument were then obtained. The results are listed in table 1 and were used in the construction of the texture diffractometer. The sample table is another important component of the texture diffractometer besides the monochromator and the collimators. For our instrument, the above mentioned four-circle diffractometer was modified and then reused as the sample table. The pole figure P hkl (α,β) for a specified plane (hkl) can be obtained by rotation of the sample through χ and ϕ angles to align the various sample directions along the (hkl) scattering vector, and to record the diffracted intensities respectively using the detector set at 2θ position of the (hkl) reflection. This has been realized by modifying the original four-circle and designing the experimental software.
The single 3 He proportional counter with its shielding of the Juelich FCD was used as the detector for this texture instrument. Since the detector system of the FCD was initially designed for single crystal measurements, it could not be directly applied to texture measurements. The collimator before the detector was a short (~ 40cm) cylindrical neutron shield with a through-hole along the central axis. The cross section of the hole is much smaller than that of large samples usually used in texture measurements, whereas the corresponding effective horizontal divergence is much larger compared with that obtained in our design. Therefore, In order to make the instrument suitable for pole figure measurements, two Soller-type collimators of 15 cm long have been made with different horizontal divergence for choice to replace the hole as the third collimator. The detector and its shielding were then moved backward for about 20 cm, so that the third collimator could be inserted before the detector, and the shielding was correspondingly modified.
To extend the application field and improve experimental performance efficiency, a two dimensional position sensitive detector (PSD) with active size of 200mm×200mm will be equipped for this NTD soon.
More importantly the control and data collection software for pole figure measurements has been designed in python language under the Linux system, and has been successfully used for pole figure measurements on this instrument.
The monochromator shielding was designed based on the dose restriction and the arrangement of the instrument. It consists of blocks made of the heavy concrete with density of 5.2g/㎝ 3 , which is a mixture of concrete, iron, boron and other materials. The dose rate distributions inside and outside the shielding were simulated by the Monte Carlo Neutron and Photo Transport Code under the condition that the reactor power is at full power. Based on these dose distributions, the designs of cavity and outgoing channel were optimized to reduce the dose rate to a level lower than a given limit in the supervision area [10] , i.e. the radiation dose rate outside the shielding should not exceed 3µSv/hr. In Fig.2 the final result of the monochromator shielding is presented. Fig. 2 , Layout of monochromator shielding
Instrument Characteristics
The main designed characteristics for this instrument are given in table 2. Rietveld profile technique was used to analyse the data with the program Fullprof, using the known structure of TiO 2 . Fig. 3 shows the measured neutron diffractogram of TiO 2 sample and the calculated curve. A good fit between the experimental and calculated patterns was achieved. Therefore, we got the actual take-off angle 2θ M =42 o , the neutron wavelength λ=1.48Å and the zero point of 2θ scan. Also the actual resolution function of the instrument was obtained from this fit. In addition, the maximum neutron flux at the sample position was estimated to be about 10 7 n cm -2 s -1
by a measurement with a low efficient fission chamber whose efficiency is known. 
Texture Analysis of the Warm-Rolled Zircaloy-4 Plate
The Pole figures of a warm-rolled Zircaloy-4 sample were measured for testing the performance of the instrument. The sample of 12×12×12 mm 3 was prepared by cutting the warm-rolled Zircaloy-4 plate into small squares, and then attaching them along the same rolling direction. The size of the incident neutron beam was set as 25×25 mm 2 by a variable slit to ensure the sample bathing in the relatively uniform neutron beam and to reduce the background intensity [11] . In the standard bisecting geometry, (10-10) , (0002) and (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) Fig 4 shows the (0001) , and (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) pole figures recalculated from the ODFs for this sample. Good agreement is found both qualitatively and quantitatively among the instruments, HIPPO, Kowari and this texture diffractometer [12] . 
Summary
The NTD at CARR is the first platform for texture measurement with neutrons in China. The adjustment and calibration for this instrument has been finished and the actual take-off angle, neutron wavelength and zero point of 2θ scan were obtained. The results of texture measurement for a standard sample show good quality and small statistical errors. This instrument will be opened to the user community soon.
